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DESCRIPTION 



NEGATIVE ELECTRODE FOR NON- AQUEOUS ELECTROLYTE SECONDARY 



BATTERY AND BATTERY USING THE SAME 



Technical Field 

The present invention mainly relates to a 
negative electrode yielding a high-capacity non-aqueous 
electrolyte secondary battery with excellent 
charge/discharge cycle characteristic . 

Background Art 

At present, non-aqueous electrolyte secondary 
batteries such as a lithium ion battery using, as the 
active material, a material capable of reversibly absorbing 
and desorbing lithium ion have been put into practical use. 

For the positive electrode of the non- aqueous 
electrolyte secondary battery, for example, LiCo02, which 
is a lithium- containing complex oxide, is being employed. 
Li ions are originally contained in the positive electrode, 
and the Li ions are reversibly absorbed in and desorbed 
from a carbon material in the negative electrode during 
charge and discharge. 

Apart from LiCo02, lithium-containing complex 
oxides include LiNi02, LiMn204 and complexes thereof. These 
oxides exhibit a potential as high as about +4 V with 



respect to the potential of metallic lithium and also have 
large reversible capacity. Therefore, they are excellent 
materials for use as active materials, capable of realizing 
batteries of high voltage and high capacity. 

On the other hand, for the negative electrode of 
the non- aqueous electrolyte secondary battery, carbon 
materials are commonly used. Carbon materials are also 
capable of reversibly absorbing and desorbing Li ions. 
However, in the case of graphite, for example, the 
theoretical upper limit for the amount of Li to be absorbed 
is the amount required for formation of CeLi, that is, one 
Li atom per six carbon atoms, and the charge /discharge 
capacity thereof is 372 mAh/g. 

Therefore, with the aim of achieving a further 
increase in the capacity of the non- aqueous electrolyte 
secondary battery, many studies have been undertaken on 
negative electrode materials . Among them is a proposal to 
improve carbon materials in order to achieve an increased 
battery capacity. For example, it has been reported that 
amorphous carbons and low crystalline carbons have a 
capacity much higher than the theoretical capacity of 
graphite (e.g., the 39th Battery Symposium Abstract volume, 
pp. 443-444 {3D12)). 

Although amorphous carbons and low crystalline 
carbons have large theoretical capacity, they have the 
problem of having large irreversible capacity. The 
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irreversible capacity refers to a capacity attributed to, 
of the Li ions absorbed in a carbon material, the Li ions 
which remain captured in the carbon material to be 
incapable of being desorbed during the subsequent discharge 
process and thus do not participate in the battery reaction 
any longer. 

When a carbon material has irreversible capacity, 
a portion of Li ions which have been supplied to the carbon 
material in the negative electrode from a lithium- 
containing complex oxide in the positive electrode during 
the initial charge, is not able to return to the positive 
electrode during the subsequent discharge. Even in such 
case where a carbon material having large theoretical 
capacity is employed, it is difficult to obtain a high- 
capacity battery if the material has large irreversible 
capacity. 

As a countermeasure against the irreversible 
capacity of a carbon material, an electrode formation 
process has been devised, by which lithium in an amount 
corresponding to the irreversible capacity is 
electrochemically charged into the carbon material in 
advance. The electrode formation process is excellent in 
that the formation can be controlled according to the 
amount of current to be passed. However, it necessitates 
charging an electrode once and using the electrode again to 
assemble a battery, resulting in complicated steps and low 
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productivity . 

As another countermeasure , a method of 
compensating for the irreversible capacity has been devised, 
which involves attaching metallic lithium to the negative 
electrode to automatically allow Li ions to move between 
the carbon material and the metallic lithium, which are in 
a state of short-circuit with the electrode interposed 
therebetween. In the case of this method, however, Li ions 
may not sufficiently move depending on the form of the 
electrode plate, so that metallic lithium remains in the 
negative electrode to cause variations in performance, 
safety problems and the like. 

For the reasons as set forth above, little 
progress has been made in the practical use of amorphous 
carbons and low crystalline carbons, despite of the fact 
that they are promising as the negative electrode material. 

Therefore, there is a demand for effective 
techniques that can be used in place of the ones described 
above in order to compensate for the irreversible capacity 
of carbon materials . 

Disclosure of Invention 

The present invention offers an effective 
technique to compensate for the irreversible capacity of a 
negative electrode containing a carbon material having high 
theoretical capacity. 



More specifically, the present invention relates 
to a negative electrode for a non- aqueous electrolyte 
secondary battery comprising: 100 parts by weight of a 
carbon material having irreversible capacity during the 
initial charge and discharge; and 20 to 150 parts by weight 
of a lithium- containing complex nitride represented by the 
general formula Lia^xMxN wherein M is at least one selected 
from the group consisting of Co, Ni, Mn and Cu, and wherein 
0.2^X^0.8. 

The lithium- containing complex nitride is 
preferably Lia-xCoxN wherein 0.2^X^0.55. 

The carbon material is preferably a low or less 
crystalline carbon . 

The low crystalline carbon is preferably in a 
fibrous form having a mean fiber diameter of 1 to 50 um 
and a mean fiber length of 10 to 200 um. 

Alternatively, the carbon material is preferably 
an amorphous carbon. 

In the case where the carbon material is an 
amorphous carbon, the negative electrode preferably 
contains 33 to 150 parts by weight of the lithium- 
containing complex nitride per 100 parts by weight of the 
amorphous carbon . 

The present invention also related to a non- 
aqueous electrolyte secondary battery comprising: a 
positive electrode comprising a lithium- containing complex 
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oxide capable of absorbing and desorblng lithium Ion; the 
above -described negative electrode; and a non-aqueous 
electrolyte Interposed between the positive electrode and 
negative electrode . 

The present Invention Is effective for, for 
example, a negative electrode comprising a carbon material 
with a theoretical capacity of not less than 350 mAh/g. 
Such carbon materials Include a low crystalline carbon and 
an amorphous carbon. 

The amorphous carbon refers to a carbon material 
which Is not graphltlzed even when sintered at a high 
temperature exceeding 1400*C, and Is generally called a 
hard carbon. 

The low crystalline carbon refers to a carbon 
material prepared by Intentionally sintering at a low 
temperature of from 700*C to 1400t:, a material which Is 
graphltlzed when sintered at a high temperature exceeding 
1400X3, and Is generally called a soft carbon. 

The low crystalline carbon and amorphous carbon 
have a specific surface area of, for example, 0.5 to 2 m^/g. 
Accordingly, the low crystalline carbon and amorphous 
carbon are less likely to cause a side reaction such as 
electrolyte decomposition. 

The low crystalline carbon and amorphous carbon 
have a bulk density of, for example, about 1.0 g/cc. 
Therefore, the low crystalline carbon and amorphous carbon 
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have good volumetric efficiency. 

On the other hand, acetylene black, which has 
conventionally been contained in batteries, has a specific 
surface area of about 70 m^/g, bulk density of about 0*03 
g/cc and theoretical capacity of not more than 100 mAh/g. 

Brief Description of Drawings 

Fig. 1 is a vertical sectional view of a button- 
type test cell. 

Fig. 2 is a graph showing the relation between 
the charge /discharge voltages and capacities at 1st cycle 
and 5th cycle, of the test cell of Example 1. 

Fig. 3 is a graph showing the relation between 
the charge/discharge voltages and capacities at 1st cycle 
and 5th cycle, of the test cell of Example 3. 

Best Mode for Carrying Out the Invention 

In the present invention, the irreversible 
capacity of a carbon material having large theoretical 
capacity such as an amorphous carbon or low crystalline 
carbon, is compensated for by Li ions in a lithium- 
containing complex nitride. 

The negative electrode of the present invention 
comprises a carbon material as the main negative electrode 
material, a lithium-containing complex nitride as an 
auxiliary negative electrode material, and a binder. The 



lithium- containing complex nitride preferably has high 
capacity as well as excellent reversibility in charge and 
discharge . 

Techniques employing the lithium- containing 
complex nitride as an active material for batteries are 
relatively new, and examples include the following. 

Japanese Unexamined Patent Publication No. Hei 7- 
78609 discloses a lithium nitride-metal compound as an 
electrode material for an electrochemical device. The 
lithium-containing complex nitride having high capacity and 
excellent reversibility in charge /discharge is represented 
by the general formula: Lia-xMxN, which is obtained by 
replacing a portion of Li in the lithium nitride LiaN by a 
transition metal such as copper, iron, manganese, cobalt or 
nickel. The nitride wherein the value of X satisfies 0.2<X 
^0.8 has particularly high capacity. 

The present inventors have found that a lithium- 
containing complex nitride represented by the general 
formula: Lia-xCOxN (0.3^X^0.55) wherein the transition 
metal is cobalt, has a high capacity of not less than 700 
mAh/g as well as excellent reversibility in charge and 
discharge . 

The compensation of Li ions from the lithium- 
containing complex nitride to the carbon material in the 
negative electrode is performed by electrochemical action 
in the presence of an electrolyte after constructing a 
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battery. 

The reaction potential of the lithium- containing 
complex nitride and the reaction potential of the carbon 
material are different from each other, and therefore local 
cells are formed in the negative electrode. The carbon 
material has various reaction potentials. In the case 
where the carbon material has a reaction potential higher 
than the reaction potential of the lithium- containing 
complex nitride, the potential difference causes Li ions to 
automatically transfer from the lithium- containing complex 
nitride to the carbon material. Alternatively, in the case 
where the carbon material has a reaction potential lower 
than the reaction potential of the lithium- containing 
complex nitride, the potential difference does not cause 
the automatic transfer of Li ions; however, Li ions are 
supplied from the positive electrode into the carbon 
material during the initial charge. Then, Li ions in an 
amount corresponding to the irreversible capacity 
attributed to the Li ions incapable of returning to the 
positive electrode during the subsequent discharge, are 
supplied from the lithium- containing complex nitride to the 
positive electrode. Ultimately, the irreversible capacity 
is completely compensated for by the lithium- containing 
complex nitride. 

After the initial discharge, the positive 
electrode has returned to the initial discharged state in 
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which Li Ions are fully charged therein. Moreover, the 
carbon material In the negative electrode Is In a 
discharged state In which LI ions in an amount 
corresponding to the irreversible capacity have already 
been compensated for, and the lithium- containing complex 
nitride is also in a discharged state in which Li ions in 
an amount corresponding to the above -described irreversible 
capacity have been desorbed therefrom. 

Therefore, the amount of the lithixim-containing 
complex nitride contained in the negative electrode is 
preferably equivalent to, or slightly greater than the 
amount corresponding to the irreversible capacity of the 
carbon material. Too large an amount of the lithium- 
containing complex nitride results in an increase in the 
amount of the nitride which does not participate in 
charge /discharge and thus is a disadvantage in increasing 
the battery capacity. 

It is difficult to ascertain the Irreversible 
capacity of a carbon material in an actual battery; however, 
according to studies conducted by the present inventors, 
the most suitable amount of the lithium- containing complex 
nitride represented by the general formula: Lia-xCoxN (0.3^ 
X^O.55) is 33 to 150 parts by weight per 100 parts by 
weight of an amorphous carbon in the case where the carbon 
material is an amorphous carbon, and 20 to 150 parts by 
weight per 100 parts by weight of a low crystalline carbon 
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in the case where the carbon material is a low crystalline 
carbon . 

As described above ^ the present invention makes 
it possible to utilize even a carbon material, which, 
despite having a great capacity, has hitherto been 
difficult to be put into practical use because of the 
irreversible capacity . 

The negative electrode of the present invention 
is fabricated, for example, by applying to the surface of a 
negative electrode current collector, a mixture prepared by 
mixing a carbon material powder having high capacity and 
irreversible capacity, a lithium- containing complex nitride 
powder and a binder resin. 

Since the lithium- containing complex nitride is 
highly reactive with water and hence suffers degradation 
from water, the solvent used for, for example, the 
preparation of the mixture is preferably a highly 
dehydrated one* 

Since the amorphous carbon and low crystalline 
carbon have lower electronic conductivity compared to 
graphite, it is preferable to add a conductive agent into 
the above -de scribed mixture to improve the conductivity of 
the negative electrode. As the conductive agent, any 
material having excellent electronic conductivity may be 
used; for example, artificial graphite, acetylene black or 
carbon fiber is preferably used. However, since the carbon 
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material and lithium- containing complex nitride as the 
negative electrode materials have a certain degree of 
electronic conductivity, it is possible to construct a 
battery without addition of any conductive agent. 

The amorphous carbon is produced, for example, by 
subjecting a starting material such as a phenol resin, 
epoxy resin or isotropic pitch to a curing process at 100 
to 300t: in air, followed by sintering at 700 to 1400t: in 
an inert atmosphere such as nitrogen or argon . 

The low crystalline carbon is produced by 
sintering a pitch, polymer or the like at 700 to 1400^0 in 
an inert atmosphere. As the pitch, a petroleum pitch, coal 
tar pitch, mesophase pitch or the like is preferably used, 
and polyimide or the like is preferably used as the polymer. 

The low crystalline carbon is preferably in a 
fibrous form having a mean fiber diameter of 1 to 50 urn 
and a mean fiber length of 10 to 200 Mm. In the case where 
a fibrous carbon is employed, the fibrous carbon is 
dispersed between particles of the lithium-containing 
complex nitride in the mixture, and therefore the 
electronic conductivity between the nitride particles can 
be improved to enhance the battery performance. Moreover, 
it is possible to reduce the amount of any other conductive 
agent for use in the negative electrode. Consequently, the 
content proportion of the lithium- containing complex 
nitride in the negative electrode is increased, so that the 
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capacity of the negative electrode can also be increased. 

In order to produce the fibrous low crystalline 
carbon, firstly, a starting material such as a mesophase 
pitch is heated at 100 to 300X: to be softened, followed by 
a spinning process. Thereafter, a curing process may be 
performed on the fiber surface by heating the fiber 
obtained through the spinning process in an oxidizing 
atmosphere such as oxygen or air. By sintering the fiber 
thus obtained at 700 to 1400t: in an inert atmosphere, it 
is possible to produce the fibrous low crystalline carbon . 

As other components of the negative electrode 
used in the present invention, such as a negative electrode 
current collector, conventionally known components may be 
used. 

The positive electrode used in the present 
invention preferably comprises a lithium- containing complex 
oxide such as LixCo02, LixNiOz or LixMn02. Although the mean 
particle size of the lithium- containing complex oxide is 
not specifically limited, it is preferably 1 to 30 Mm. 

As the positive electrode conductive agent, 
positive electrode current collector and other components 
Of the positive electrode used in the present invention, 
conventionally known components may be used. 

The non-aqueous electrolyte of the present 
invention comprises a solvent and a lithium salt dissolved 
in the solvent. In particular, it is preferable to use a 
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non-agueous electrolyte prepared by dissolving LiPFg as a 
solute in a mixed solvent containing at least ethylene 
carbonate and ethylmethyl carbonate. The concentration of 
the solute in the non-aqueous electrolyte is preferably 0.2 
to 2 mol/L, more preferably 0.5 to 1.5 mol/L. 

Additionally, any other compound may be added to 
the electrolyte as an additive in order to improve 
discharging and charge /discharge characteristics and the 
like. 

Among the shapes of batteries are a coin type, 
button type, sheet type, laminated type, cylindrical type, 
flat type and prismatic type, and the present invention is 
applicable to any of these. 

In the following, the present invention is 
described by reference to examples . 

Example 1 

A description is made on the case where an 
amorphous carbon was used as a negative electrode active 
material . 

The amorphous carbon was produced by sintering a 
polyamide resin at 2700*C under an inert atmosphere. 

In general, sintering a starting material such as 
a petroleum coke at such a high temperature causes the 
crystal to grow to yield graphite. However, sintering a 
starting material such as a polyamide resin at a high 
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temperature does not cause the crystal to grow, so that an 
amorphous carbon is produced. The sintered material was 
pulverized to have a mean particle size of about 15 um and 
used in a powder form. The X-ray diffraction pattern of 
this powder showed a broad profile, which was peculiar to 
amorphous carbons . 

Next, the charge/discharge performance of this 
amorphous carbon was confirmed in the following manner. 

100 parts by weight of powder of the amorphous 
carbon, 2 parts by weight at resin component of an aqueous 
dispersion of styrene butadiene rubber (SBR) as a binder 
and an aqueous solution of 1 wt% carboxymethyl cellulose 
(CMC) were mixed together and then sufficiently kneaded to 
give a mixture. This mixture was applied to a copper foil 
by using a doctor blade, dried and then rolled by means of 
a roller to form an electrode sheet . 

This electrode sheet was punched into a disc 
shape and then used to fabricate a coin- type model cell 
having a counter electrode comprising metallic lithium . 
The inside of the model cell was filled with an electrolyte 
The electrolyte was prepared by dissolving LiPFe at a 
concentration of 1 mol/L, in a mixed solvent containing 
ethylene carbonate and ethylmethyl carbonate at a volume 
ratio of 1:1. 

Then, the charge /discharge behavior and capacity 
of the model cell were confirmed. The charging and 
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discharging were performed at a constant current of 0.3 
mA/cm^, with the end-of -discharge voltage set at 1.5 V, and 
the end-of -charge voltage at 0 V. 

The amorphous carbon absorbed Li ions in an 
amount corresponding to about 860 mAh/g during the initial 
charge; however, it desorbed Li ions in an amount 
corresponding to only about 630 mAh/g during the subsequent 
discharge, having an irreversible capacity of about 230 
mAh/g. Thereafter, the charging and discharging proceeded 
reversibly . 

Next , a description is made on the case where 
Li2.5Coo.5N having a low reaction potential and excellent 
reversibility was used as a lithium- containing complex 
nitride. The lithium- containing complex nitride was 
synthesized in the following manner. 

Lithium nitride (LiaN) powder and metallic cobalt 
powder, each of which was a commercially available reagent, 
were mixed together at a predetermined ratio, and the 
mixture thus obtained was placed in a container made of 
copper, followed by sintering at lOOXZ for 8 hours in an 
nitrogen atmosphere. As a result, a blackish gray lithium- 
containing complex nitride was produced as a sintered 
material. The produced lithium-containing complex nitride 
was pulverized and used in a powder form. It should be 
noted that the series of steps, starting from mixing of the 
starting materials to pulverization of the sintered 
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material, were performed in a nitrogen atmosphere of high 
purity having the total concentration of not more than 100 
ppm of oxygen and water. The X-ray diffraction pattern of 
the obtained lithium- containing complex nitride powder was 
a hexagonal pattern as in the case of lithium nitride, 
showing no impurity peak. 

The obtained Li2.5Coo.5N powder was used to 
fabricate a model cell similar to the one described above 
having a counter electrode comprising metallic lithium, and 
the charge /discharge behavior and capacity were confirmed. 
Herein, since nitrides react with water, the SBR dissolved 
in a dehydrated organic solvent was used. 

The Li2.5CO0.5N desorbed Li ions in an amount 
corresponding to about 7 50 mAh/g during the initial 
discharge, and it also absorbed Li ions in an amount 
corresponding to about 750 mAh/g during the subsequent 
charge, having almost no irreversible capacity. Thereafter, 
the charging and discharging continued to proceed with the 
reversible capacity maintained at about 750 mAh/g. 

Next, a negative electrode comprising the above- 
described amorphous carbon powder and Li2.5Coo.5N powder was 
formed, and this was used to fabricate a button- type test 
cell as shown in Fig. 1. Then, the cycle characteristic of 
the test cell was evaluated. 

In Fig. 1, numeral 1 denotes a sealing plate made 
of stainless steel serving also as a negative electrode 
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terminal. To the inner surface of the sealing plate, a 
nickel mesh 2 is welded, and the nickel mesh 2 is attached 
by pressure onto a copper foil serving as the current 
collector of a negative electrode 3 . The negative 
electrode 3 was formed by applying a mixture containing the 
amorphous carbon and Li2.5Coo.5N to the copper foil. 

Numeral 4 denotes a positive electrode case made 
of stainless steel, and a stainless steel mesh 5 is welded 
to the inner surface of the case. The stainless steel mesh 
5 is attached by pressure onto an aluminum foil serving as 
the current collector of a positive electrode 6 . The 
positive electrode 6 was formed by applying a mixture 
containing LiCo02 as an active material to the aluminum 
foil and punching it into a disc shape. 

The surface of the positive electrode 6 is 
covered with a porous separator 7 made of a polyethylene 
film. The inside of the positive electrode case 4 is 
filled with an electrolyte, and the separator 7 is swollen 
with the electrolyte. 

On the periphery of the sealing plate 1 , a gasket 
8 is disposed, and the end portion of the opening of the 
positive electrode case 4 is bent towards the inside so as 
to clamp the gasket 8 thereby to seal the battery. The 
gasket 8 ensures electrical insulation between the sealing 
plate 1 and the positive electrode case 4 . 

Herein, the negative electrode was fabricated in 
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the following manner. 

To 100 parts by weight of powder of the amorphous 
carbon, 40 parts by weight of Li2.5Coo.5N powder, 20 parts by 
weight of acetylene black as a conductive agent and 2 parts 
by weight of the SBR as a binder were added and mixed, and 
the mixture thus obtained was dispersed in a dehydrated 
toluene to give a slurry-like mixture. This mixture was 
applied, by using a doctor blade, onto a copper foil with a 
thickness of 18 /im serving as a negative electrode current 
collector, which was dried and then rolled to form an 
negative electrode sheet . This negative electrode sheet 
was punched into a disc -shaped negative electrode plate 
with a diameter of 16 mm. 

Additionally, the positive electrode was 
fabricated in the following manner. 

To 100 parts by weight of lithium cobaltate 
powder, 7 parts by weight of carbon powder as a conductive 
agent and 3 parts by weight of poly ( vinylidene fluoride) 
resin as a binder were added, and the mixture thus obtained 
was dispersed in a dehydrated N-Methyl-pyrrolidinone to give 
a slurry-like mixture. This mixture was applied, by using 
a doctor blade, onto an aluminum foil with a thickness of 
20 um serving as a positive electrode current collector, 
which was dried and then rolled to form a positive 
electrode sheet. This positive electrode sheet was punched 
into a disc-shaped positive electrode plate with a diameter 
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of 15 nun. 

Additionally, the electrolyte was prepared by 
dissolving LiPFe at a concentration of 1 mol/L, in a mixed 
solvent containing ethylene carbonate and ethylmethyl 
carbonate at a volume ratio of 1:1. 

0.5 g of lithium cobaltate as the positive 
electrode active material and 0.12 g of the total amount of 
the amorphous carbon and Li2.5Coo.5N as the negative 
electrode active materials were contained in the test cell. 

Charging/discharging test was conducted on the 
produced test cell at a constant current of 1 mA, with the 
end-of -charge voltage set at 4.1 V and the end- of -discharge 
voltage at 2.0 V. 

Fig. 2 shows: (A) the relation between the charge 
voltage and capacity at 1st cycle; (B) the relation between 
the discharge voltage and capacity at 1st cycle; (C) the 
relation between the charge voltage and capacity at 5th 
cycle; and (D) the relation between the discharge voltage 
and capacity at 5th cycle, of the test cell. 

It should be noted that the average discharge 
voltage was about 3.2 V and the discharge capacity was 
about 60 mAh. Although the charging/ discharging of this 
battery was started with charging, there is almost no 
difference between the charge capacity and the discharge 
capacity at 1st cycle in Fig. 2, indicating that the 
irreversible capacity of the amorphous carbon was 
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effectively compensated for by Li2.5Coo.5N. Additionally, 
since there is almost no difference between the charge 
capacity and discharge capacity at 1st cycle and the charge 
capacity and discharge capacity at 5th cycle, it is shown 
that the test cell had excellent cycle characteristic. 

In Fig. 2, the charge /discharge voltage behavior 
at 1st cycle is different from the charge /discharge voltage 
behavior at 5th cycle. At and after 2nd cycle, the 
charge/ discharge voltage behavior is substantially the same 
as that at 5th cycle, and only the initial charge/discharge 
exhibits a peculiar charge /discharge behavior. This is 
attributed to the fact that Li2.5Coo.5N did not participate 
in the initial charge since the reaction potential of the 
amorphous carbon was lower than the reaction potential of 
Li2.5Coo.5N, and that Li2.5Coo.5N transformed into amorphous 
during the initial discharge to change the voltage profile. 

Next, the capacity density of the negative 
electrode active material per weight in this battery was 
estimated. 

The capacity density of lithium cobalt ate in the 
positive electrode was about 120 mAh/g, which was the same 
as the theoretical value. Further, the battery was limited 
by the positive electrode during the operation. 
Accordingly, the total capacity of the amorphous carbon and 
Li2.5Coo.5N, each of which was contained in the negative 
electrode, was not less than the capacity of the positive 
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electrode . 

From the above, since 0.5 g of lithium cobaltate 
and 0.12 g of the total amount of the amorphous carbon and 
LI2.5C00.5N were contained In the test cell, the capacity 
density of the negative electrode was estimated to be not 
less than 500 mAh/g. 

In view of the fact that carbon materials in the 
negative electrodes of currently commercialized lithium ion 
batteries have a capacity density of about 300 to 370 mAh/g, 
the battery of the present Invention has a negative 
electrode with an extremely high capacity - 

Next, test cells were fabricated in the same 
manner as described above except that the value of X and 
the amount were changed for the lithium-containing complex 
nitride Lla-xCoxN. Herein, for each battery, the amount of 
lithium cobaltate contained in the positive electrode was 
adjusted to 0.5 g and the total amount of the amorphous 
carbon and Lia-xCoxN contained in the negative electrode was 
adjusted to 0.12 g. The discharge capacities (mAh) at 5th 
cycle obtained from the respective batteries are shown in 
Table 1 . 
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TABLE 1 



Value 
of X 


Amount of nitride per 100 parts by weight of amorphous carbon 

(part by weight) 


0 


20 


30 


33 


40 


50 


70 


80 


100 


120 


150 


180 


0.2 


32 


42 


46 


47 


49 


52 


56 


56 


55 


55 


53 


43 


0.3 


32 


51 


58 


60 


60 


60 


60 


57 


55 


55 


53 


41 


0.4 


32 


53 


60 


60 


60 


60 


60 


57 


55 


55 


53 


44 


0.5 


32 


52 


59 


60 


60 


60 


60 


57 


55 


55 


53 


42 


0.55 


32 


51 


58 


60 


60 


60 


60 


57 


55 


55 


53 


43 


0.6 


32 


45 


50 


51 


54 


58 


60 


57 


54 


54 


53 


39 



(mAh) 



In Table 1, the batteries using the negative 
electrodes containing no lithium- containing complex nitride 
or containing the same in a small amount were deprived of 
Li ions owing to the irreversible capacity of the amorphous 
carbon, so that the discharge capacities were lower than 
the theoretical capacities. Conversely, in the case of the 
batteries using the negative electrode containing the 
lithium- containing complex nitride in a large amount, the 
amount of the nitride that did not participate in the 
charge /discharge increased to cause the batteries to be 
limited by the negative electrode, so that the discharge 
capacities were lower than the theoretical capacities. 
Although these batteries had higher capacity as compared to 
conventional ones , the present invention produced a 
particularly remarkable effect when the negative electrode 
contained a certain amount or more of the nitride, or when 
the battery was limited by the positive electrode. 
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According to Table 1 , when the negative electrode 
contained 20 to 150 parts by weight, more preferably 33 to 
70 parts by weight of Li3_xCOxN (0, 3^X^0.55) per 100 parts 
by weight of the amorphous carbon, it was possible to yield 
a desirable battery performance. 

Example 2 

A phenol resin was sintered at 1200X3 under an 
inert atmosphere to give an amorphous carbon. This was 
used to fabricate a model cell similar to that of Example 1 
to evaluate the charge /discharge performance. 

This amorphous carbon absorbed Li ions in an 
amount corresponding to about 800 mAh/g during the initial 
charge; however, it desorbed Li ions in an amount 
corresponding to only about 460 mAh/g during the subsequent 
discharge, having an irreversible capacity of about 340 
mAh/g. 

With the use of this amorphous carbon and 
Li2.5Coo.5N, test cells similar to those of Example 1 were 
fabricated by employing 20, 33, 70, 100, 120, 150 and 180 
parts by weight of the nitride, respectively, per 100 parts 
by weight of the amorphous carbon, and the cycle tests were 
conducted. 

The discharge capacities (mAh) at 5th cycle 
obtained from the respective batteries are shown in Table 2 . 
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TABLE 2 



Amount of nitride per 
100 parts by weight 
of amorphous carbon 
(part by weight) 


20 


33 


70 


100 


120 


150 


180 


Discharge capacity 
(mAh) 


51 


60 


60 


60 


60 


59 


51 



According to Table 2 , it was most suitable to 
include 33 to 150 parts by weight of the nitride per 100 
parts by weight of the amorphous carbon in the negative 
electrode. It is considered that the use of a phenol resin 
as the starting material for this amorphous carbon caused 
the laminated structure of carbon to become more isotropic 
as compared to that of Example 1 and thereby provided good 
electronic conductivity between the active material 
particles. It is presumably for this reason that favorable 
results were obtained even in the cases where the amount of 
the nitride was relatively large. 

Example 3 

In this example, a description is made on the 
case where a low crystalline carbon was used as a negative 
electrode active material. The low crystalline carbon was 
one prepared by sintering a petroleum pitch at 1100*C under 
an inert atmosphere • 

In general, sintering a petroleum pitch at a high 
temperature of about 3000X2 causes the crystal to grow to 
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yield graphite. However, as In this example, sintering a 
petroleum pitch at a low temperature of about llOOX; does 
not cause the crystal to grow, so that an extremely low- 
crystalline carbon material is produced. In the X-ray 
diffraction pattern of the produced carbon material, a 
distinct peak as observed in a high crystalline graphite 
was not confirmed. 

Next, this low crystalline carbon was used to 
fabricate a model cell similar to that of Example 1 to 
evaluate the charge/discharge performance. 

This low crystalline carbon absorbed Li ions in 
an amount corresponding to about 775 mAh/g during the 
initial charge; however, it desorbed Li ions in an amount 
corresponding to only about 610 mAh/g during the subsequent 
discharge, having an irreversible capacity of about 165 
mAh/g. Thereafter, the charging and discharging proceeded 
reversibly . 

Next, the low crystalline carbon and Li2.5Coo.5N 
were used to fabricate a test cell similar to that of 
Example 1 to evaluate the cycle characteristic. The 
negative electrode comprising the low crystalline carbon 
and Li2.5Coo.5N was produced in the same manner as in Example 
1 except that the low crystalline carbon was used in place 
of the amorphous carbon . 

It should be noted that 0.5 g of lithium 
cobaltate as the positive electrode active material and 
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0.12 g of the total amount of the low crystalline carbon 
and Li2.5CO0.5N as the negative electrode active materials 
were contained in the test cell- 
Charging/ discharging test was conducted on the 
test cell at a constant current of 1 mA, with the end- of - 
charge voltage set at 4.1 V and the end-of -discharge 
voltage at 2.0 V. 

Fig. 3 shows: (E) the relation between the charge 
voltage and capacity at 1st cycle; (F) the relation between 
the discharge voltage and capacity at 1st cycle; (G) the 
relation between the charge voltage and capacity at 5th 
cycle; and (H) the relation between the discharge voltage 
and capacity at 5th cycle, of the test cell. 

The average discharge voltage was about 3.1 V and 
the discharge capacity was about 60 mAh. Although the 
charging/discharging of this battery was started with 
charging, there is almost no difference between the charge 
capacity and discharge capacity at 1st cycle in Fig. 3, 
indicating that the irreversible capacity of the low 
crystalline carbon was effectively compensated for by 
Li2.5Coo.5N. Additionally, since there is almost no 
difference between the charge capacity and discharge 
capacity at 1st cycle and the charge capacity and discharge 
capacity at 5th cycle, it is shown that the test cell had 
excellent cycle characteristic. 

It should be noted that a change of the voltage 
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profile as shown in Fig. 2 due to the transformation of 
Li2.5Coo.5N into amorphous was also observed in this case. 

The capacity density of the negative electrode 
per weight of the active material in this battery was 
estimated in the same manner as in Example 1 . As with 
Example 1 , the battery of the present example was also 
limited by the positive electrode during the operation. 
Therefore, the low crystalline carbon and Li2.5Coo.5N were 
estimated to have a capacity density of not less than 500 
mAh/g. 

Next, test cells were fabricated in the seime 
manner as described above except that the value of X and 
the amount were changed for the lithium-containing complex 
nitride Lia-xCoxN. Herein, for each battery, the amount of 
lithium cobaltate contained in the positive electrode was 
adjusted to 0.5 g, the total amount of the low crystalline 
carbon and Lia-xCoxN contained in the negative electrode was 
adjusted to 0.12 g. The discharge capacities (mAh) at 5th 
cycle obtained from the respective batteries are shown in 
Table 3. 
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TABLE 3 



Value 
of X 


Amount of nitride per 100 parts by weight of low 
crystalline carbon (part by weight) 


0 


20 


25 


30 


50 


55 


60 


100 


120 


150 


180 


0.2 


40 


48 


50 


52 


57 


58 


57 


55 


55 


53 


44 


0.3 


40 


57 


60 


60 


60 


60 


58 


56 


55 


53 


42 


0.4 


40 


59 


60 


60 


60 


60 


58 


56 


55 


54 


43 


0.5 


40 


58 


60 


60 


60 


60 


58 


56 


55 


54 


41 


0.55 


40 


57 


60 


60 


60 


60 


58 


56 


55 


54 


42 


0.6 


40 


51 


54 


56 


60 


60 


58 


54 


54 


53 


41 



(mAh) 

In Table 3, the batteries using the negative 



electrodes containing no lithium- containing complex nitride 
or containing the same in a small amount were deprived of 
Li ions owing to the irreversible capacity of the low 
crystalline carbon, so that the discharge capacities were 
lower than the theoretical capacities. Conversely, in the 
case of the batteries using the negative electrode 
containing the lithium- containing complex nitride in a 
large amount, the cimount of the nitride that did not 
participate in the charge /discharge increased to cause the 
battery to be limited by the negative electrode, so that 
the discharge capacities were lower than the theoretical 
capacities. Although these batteries had higher capacity 
as compared to conventional batteries, the present 
invention produced a particularly remarkable effect when 
the negative electrode contained a certain amount or more 
of the nitride, or when the battery was limited by the 
positive electrode . 
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According to Table 3, when the negative electrode 
contained 20 to 150 parts by weight, more preferably 20 to 
55 parts by weight of Lia-xCoxN (0.3^X^0.55) per 100 parts 
by weight of the low crystalline carbon, it was possible to 
yield a desirable battery performance. 

Example 4 

A mesophase pitch produced by polymerizing 
naphthalene was sintered for one hour at TOOt: under an 
inert atmosphere to give a low crystalline carbon. This 
was used to fabricate a model cell similar to that of 
Example 1 to evaluate the charge /discharge performance . 
This crystalline carbon absorbed Li ions in an amount 
corresponding to about 9 70 mAh/g during the initial charge; 
however, it desorbed Li ions in an amount corresponding to 
only about 660 mAh/g during the subsequent discharge, 
having an irreversible capacity of about 310 mAh/g. With 
the use of this low crystalline carbon and Li2.5Coo.5N, test 
cells similar to those of Example 1 were fabricated by 
employing 20, 25, 70, 100, 120, 150 and 180 parts by weight 
of the nitride, respectively, per 100 parts by weight the 
low crystalline carbon, and the cycle tests were conducted. 
The discharge capacities (mAh) at 5th cycle obtained from 
the respective batteries are shown in Table 4 . 
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TABLE 4 



Amount of nitride per 
100 parts by weight 
of low crystalline 
carbon 
(part by weight) 


20 


25 


70 


100 


120 


150 


180 


Discharge capacity 
(mAh) 


45 


58 


60 


60 


60 


60 


53 



Table 4 demonstrates that it was most suitable to 
include 25 to 150 parts by weight of the nitride per 100 
parts by weight of the low crystalline carbon, in the 
negative electrode. It is considered that, the use of a 
mesophase pitch as the starting material for this low 
crystalline carbon caused the laminated structure of carbon 
to become more isotropic as compared to that of Example 3 
and thereby provided good electronic conductivity between 
the active material particles- It is presumably for this 
reason that the favorable results were obtained even in the 
cases where the amount of the nitride was relatively large. 

Example 5 

In this example, a description is made on the 
case where a fibrous low crystalline carbon was used as a 
negative electrode active material. The fibrous low 
crystalline carbon was one prepared by softening a 
mesophase pitch at 200*C and then transforming it into a 
fibrous form through a spinning process , followed by a 



1 iriClliR^-^^^tlSfe luM.fi ^ra^"^:" 

32 

curing process for 12 hours at 150T: in air, and thereafter, 
sintering it for 5 hours at 700t: under an inert atmosphere. 

Then, the obtained sintered material was 
pulverized and observed with SEM, and a fibrous carbon 
having a mean fiber diameter of 10 Mm and a mean fiber 
length of 100 um was observed. 

Next, this fibrous carbon was used to fabricate a 
model cell similar to that of Example 1 to evaluate the 
charge/discharge performance. 

This fibrous carbon absorbed Li ions in an amount 
corresponding to about 1000 mAh/g during the initial 
charge; however, it desorbed Li ions in an amount 
corresponding to only about 700 mAh/g during the subsequent 
discharge, having an irreversible capacity of about 300 
mAh/g. Thereafter, the charging and discharging proceeded 
reversibly . 

Next, the fibrous carbon and Li2.5Coo.5N were used 
to fabricate a test cell similar to that of Example 1 to 
evaluate the cycle characteristic. 

The negative electrode comprising the fibrous 
carbon and Li2.5Coo.5N was fabricated in the same manner as 
in Example 1, except for using the fibrous carbon in place 
of amorphous carbon and adding to 100 parts by weight of 
the fibrous carbon powder, 55 parts by weight of Li2.5Coo.5N 
powder, 20 parts by weight of acetylene black as a 
conductive agent and the SBR as a binder. 



33 

It should be noted that 0.5 g of lithium 
cobaltate and 0.12 g of the total amount of the fibrous 
carbon and Li2.5Coo.5N were contained in the test cell. 

Charging/discharging test was conducted on the 
produced test cell (hereinafter, referred to as "Battery 
A" ) at a constant current of 1 mA, with the end-of -charge 
voltage set at 4.1 V and the end-of -discharge voltage at 
2.0 V. The average discharge voltage was about 3.1 V and 
the discharge capacity was about 60 mAh. 

Although the charging/discharging of this battery 
was started with charging, there is almost no difference 
between the charge capacity and discharge capacity at 1st 
cycle, indicating that the irreversible capacity of the 
fibrous carbon was effectively compensated for by Li2.5Coo.5N. 
Additionally, since there was almost no difference between 
the charge and discharge capacities at 1st cycle and those 
at 30th cycle, it was shown that this test cell also had 
excellent cycle characteristic. 

Next, Batteries B, C and D were fabricated in the 
same manner as that used in Battery A except that the 
amount of acetylene black as the conductive agent per 100 
parts by weight of the fibrous carbon was changed to 10, 5 
and 1 part by weight, respectively. 

The discharge capacities (mAh) of the respective 
batteries at 1st cycle and 30th cycle are shown in Table 5. 
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TABLE 5 





Amount of 
acetylene black 
(part by weight) 


Discharge 
capacity at 1st 
cycle (mAh) 


Discharge 
capacity at 30th 
cycle (mAh) 


Battery A 


20 


60 


60 


Battery B 


10 


66 


65 


Battery C 


5 


68 


67 


Battery D 


1 


72 


70 



In Table 5, in the case where the fibrous carbon 
was used as the low crystalline carbon, no significant 
reduction was observed in the cycle characteristic even 
when the amount of acetylene black as the conductive agent 
was reduced. The reason is presumably that the reduction 
in electronic conductivity of the nitride was suppressed 
since the fibrous carbon functioned as the conductive agent, 
in place of acetylene black. Further, the reduction of 
acetylene black resulted in the increase of the content 
proportion of the nitride and low crystalline carbon in the 
electrode plate, thereby also achieving an advantage of 
yielding a high capacity battery. 

From the above, it was found that the use of a 
fibrous carbon as a low crystalline carbon could yield a 
battery having high capacity and excellent cycle 
characteristic . 

Industrial Applicability 

As described above, it is possible to maximize 
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the utilization of a large charge/discharge capacity 
inherently possessed by an amorphous carbon or low 
crystalline carbon by compensating for the irreversible 
capacity of the amorphous carbon or low crystalline carbon 
by a lithium- containing complex nitride having high 
capacity, thereby providing a non-aqueous electrolyte 
secondary battery having high capacity and excellent cycle 
reversibility . 



